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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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DETAILED DESCRIPTION 

Petailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the method of preventing beforehand bacterial slini© 
obstacles, such as lock out of piping resulting from the slime of the bacteria origin adhering in piping, and decline in 
heat-exchange eflBciency, in circulation paths, such as cooling water. 
[0002] 

Pescription of the Prior Art] Since the amount of the service water used is increasing by leaps and bounds by improvement Jjj a 
living standard, and growth and development of industry in recent years, reuse by circulation recovery of industrial water, supJi a§ 
service water, especially cooling water, is performed frequently. However, in the cooling water by which the open circulatijm 
through a cooling tower is used abundantly, degree of lesion is also in the inclination which becomes intense as it originate4 m 
various contaminants from the external world, the opportunity of decline [ the corrosion and lock out of piping, or ] in 
eflfectiveness to cause an obstacle for a circulation system has increased and the enrichment factor of circulating water increases. 
[0003] As an obstacle of a circulation system, the scale (or sludge) obstacle which produces sediments, such as mineral, fof 
example in piping for circulation, the corrosion obstacle which piping for circulation corrodes, the slime obstacle with whiob (bd 
viscous object (henceforth a "slime") of the microorganism origin adheres into piping for circulation are mentioned, 
[0004] as for a scale obstacle or a corrosion obstacle, the chemicals in cooling water (for example, mineral etc.) are condeqs^ 
among these obstacles or when the chemical concerned mixes from the external world into cooling water, it is because the 
chemical concentration in cooling water rises Therefore, using not hard water but soft water as cooling water, or exchanging 
cooling water periodically etc. can be suppressed by taking the disposal which prevents elevation of chemical concentratioij. 
[0005] Since it is the obstacle which a slime obstacle molds and originates in propagation of microorganisms, such as algae ao^ 
bacteria, on the other hand, it is impossible to suppress only by the same method as a scale obstacle or a corrosion obstacle, 
Therefore, in order to prevent a slime obstacle, generating of the slime in cooling water is grasped exactly, and is managed, aiu) 
the disposal of supplying suitably the slime prevention agent which has sterilization and the **** effect in cooling water is 
needed. 

[0006] Conventionally, the slime detection equipment which comes to be immersed into circulating water in the resistance t^^b 
(element for which electric resistance increases by the temperature rise) held to the elevated temperature as a method of gro^py^g 
the slime generating situation in cooling water, as compared with circulating water is indicated (JP,9- 196873 A)- According jo 
the detection equipment concerned, a slime adheres to a resistance bulb, the thermal difiusion from a resistance bulb is checjjed, 
and when the temperature of the resistance bulb itself rises, the electric resistance of a resistance bulb increases. Therefore, j 
slime generating situation can be grasped by detecting increase of the electric resistance concerned. 
[0007] Direct detection equipment can be installed into a circulation path, without installing a bypass path, since the 
miniaturization of the resistance bulb used as a sensor does not need an easy and big installation area according to the 
above-mentioned method. That is, it is the method which was veiy excellent in the point that the generating situation of a sliote \^ 
detected correctly and can be managed in actual circulating water. 
[0008] 

[Problem(s) to be Solved by the Invention] However, since an above-mentioned method was the method of detecting the 
generating situation of a slime by adhesion of the slime to a resistance bulb, it had produced a trouble which is hung up ovef 
below. 

[0009] If a slime did not actually adhere to a resistance bulb, since the detection was not made to the 1st, about the slime 
generated in parts other than the resistance bulb of the circulating water system, it was undetectable. Time had to be taken tG 
detect from slime generating, since the detection cannot be performed unless a slime grows up to be even the grade which oausg^ 
[ 2nd ] the temperature rise of a resistance bulb, and the disposal of supplying a slime prevention agent could not but becoq^e jjj 
after the event. Since periodical maintenance and management of equipments, such as washing of a detecting element, were 
needed, it was not necessarily able to be called the simple detection method, except that installation costs and the operating 
started, in order to use electric and mechanical detection equipment for the 3rd. 

[0010] The place which this invention is made in view of the trouble of such conventional technology, and is made into the 
purpose is to predict a slime obstacle in advance and prevent a slime obstacle beforehand fiirther by the simple method, wit])0Ut 
installing electric and mechanical equipment etc. 
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[0011] 

[Means for Solving the Problem] As a result of this invention person's inquiring wholeheartedly, by detecting the slime fonaatjoa 
factor which a bacteria produces at the time of slime formation, it found out that a slime obstacle could be predicted in adv^npj, 
and hit on an idea to this invention. 

[0012] That is, according to this invention, a bacteria breeds in circulating water, it is the method of predicting the bacterial stoi^ 
obstacle resulting from the slime of the bacteria origin concerned adhering in piping, and the prediction method of the bacteria| 
slime obstacle characterized by detecting a slime formation factor using the chemical method is ofiFered. 
[0013] hi the prediction method of this invention, as a slime formation factor, it is desirable to detect the negative colloid v\ 
circulating water, and it is still more desirable to detect the negative colloid in circulating water by using as an indicator the TOtt^r 
which carries out coloration change by existence of negative colloid. 

[0014] Moreover, before according to this invention it detects a slime formation factor using the prediction method of the aboV8 
bacterial slime obstacles and a slime obstacle occurs, the prevention method of the bacterial slime obstacle characterized by 
supplying a slime prevention agent is offered. 
[0015] 

[Embodiments of the hivention] this invention is the prediction method of the bacterial slime obstacle characterized by deteQtJjjg 
slime formation factor using the chemical method. According to the method concerned, without installing electric and mechanbal 
equipment etc., a shme obstacle is predicted in advance and a simple method enables it to prevent a slhne obstacle beforehaajj 
further. Hereafter, this invention is explained in detail. 

[0016] The prediction method of this invention is a method for predicting a bacterial slime obstacle especially among slimg 
obstacles. Although there may be mold besides bacteria, algae, etc. as a microorganism leading to a slime obstacle as state^ 
above, if circulating water will be in an extreme eutrophy state as for a mold nature slime, it will not generate, but since 
generating is Umited to the part which algae may photosynthesize, discoveiy and disposal are comparatively easy for an algQg 
nature slime. 

[0017] on the other hand, a bacterial slime has high generating frequency as compared with other slimes - adding ~ the insjdg oS 
the circulation path of circulating water - a part with difficult discovery, such as a capillaiy near the heat exchanger, - geneja^jig 
~ the cause of obstacles, such as decline in piping lock out and effectiveness, — being easy . Therefore, it can be said that HiQ 
method of this invention is a method very useful to prevention of a slime obstacle. 

[0018] hi this invention, in order to predict a slime obstacle in advance, the method of detecting a slime formation factor is 
adopted. A slime obstacle is because generating of a slime is detectable in the stage before resulting in a slime obstacle if tljg 

aforementioned formation factor is detectable, since it is thought that a bacteria breeds in circulating water, a bacteria prod^^g,^ g 
certain formation factor, a bacteria adheres to a piping wall etc. by the formation factor concerned, a slime is formed, the co^g 
weight of a slime increases, and it results in a slime obstacle. 

[001 9] Moreover, in this invention, how the aforementioned slime formation factor is not depended on the chemical method i^g,, 
the electric / mechanical method, but a chemical reaction detects it is adopted. It is possible to detect, even if a slime does qot 
occur near the detection sensor in order to detect a slime by concentration change of the formation factor in circulating watQf^ 
except that according to such a method installation costs and an operating cost do not start and the maintenance control of 
equipment does not have the need, either, since it is not necessary to install electric and mechanical arrangement Moreover, 
generally as compared with the electric / mechanical method, it can be said that the chemical method of detection sensitivity \^ 
sharper. 

[0020] hi this invention, although especially the method of detection is not limited as long as a slime formation factor can b@ 
detected using the chemical method, it is desirable to detect the negative colloid in circulating water. This is a method using 
property in which a slime formation factor forms negative colloid in circulating water. 

[0021] Moreover, in case the negative colloid in circulating water is detected, it is still more desirable to detect as an indic^j^ ^ 
matter which carries out coloration change by existence of negative colloid. It is because a slime obstacle can be predicted ij^ 
advance by the very simple method of an indicator being dropped into circulating water and checking discoloration of an in(y(^gt$4> 
according to such a method. 

[0022] Specifically, it is desirable to use a toluidine blue (henceforth "TB") as an indicator. It is because it has the property wWeb 
adsorbs immediately and is colored a purphsh red color, and the negative colloid of the minute amount in circulating water ^qjj 
moreover also be easily detected since this reaction is very sharp, if negative colloid (namely, acid colloid) exists, although 1^ 
basic blue coloring matter. 

[0023] If the indicator which has above-mentioned TB or the same property as this is used, detecting quantitatively is also 
possible not to mention detecting the negative colloid in circulating water qualitatively. As a quantitive method of detecting 
negative colloid, the colloidal titration indicated by the "colloidal titration method" (author : 1000 hand Ryoichi, Nankodo Oa, 
Ltd. Issue), for example can be used. 

[0024] When the aforementioned colloidal titration is appUed to this invention, the fixed quantity of the amount of negative 
colloid in circulating water can be carried out by the method as shown below. First, to circulating water used as sample liq\44 
of an indicator is added, it is colored a purplish red color, and, subsequently the standard solution of positive colloid is gra4ua||y 
dropped to the colored sample hquid concerned, and dropping is ended when TB becomes blue from a purplish red color. 
[0025] Since the transformation point of TB is a point of neutralization (equivalence point) of positive colloid and negative 
colloid, it can convert the amount of negative colloid in circulating water from the drip of the positive colloid standard solutioft ^ 
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the time of [ concerned ] discoloring (such a method is hereafter called "direct titration".). 

[0026] As a standard solution of positive colloid, polyvinyl butyl pyridinium bromide and the colloidal solution of the 
water-soluble matter which produces a positive charge by ionization of the amino group like polyethyleneimine can be use4, Jbf 
example. However, there is Uttle influence of salts, and since precipitate is produced in a point of neutralization in addition (a tto 
ability to use it in all pH regions, even if there is no indicator, m the point which can detect a point of neutralization, it is desiffljilg 
to use the solution of glycol chitosan derivatives, such as methyl-glycol chitosan (henceforth "MGch"). 
[0027] Moreover, after canying out excessive-amount addition of the positive colloid standard solution and settling negative 
colloid to the negative colloid in circulating water, it is possible to carry out the fixed quantity of the negative colloid similarly 
the method of titrating the positive colloid for the excess which remained using a negative colloid standard solution. Gener^J^ (fei^ 
method is called a back titration (indirect titration), and weak-electric-current solution colloid can also be used still more suJ^Wy 
in the point which can be measured correctly as compared with the direct titration mentioned already. 

[0028] Although the colloidal solution of the water-soluble matter which produces a negative charge by ionization of a carho)tyJ 
group, a sulftiric-acid machine, etc. can be used as a standard solution of ttie negative colloid used for a back titration, it is 
desirable to use the solution of polyvinyl alcohol potassium sulfate (henceforth "PVSK") in the point that a reaction is the 
sharpest, among acid electrolysis colloid. 

[0029] As mentioned above, it is possible to prevent a slime obstacle beforehand by using the explained prediction method of g 
bacterial slime obstacle. A slime obstacle can be beforehand prevented by the method of detecting the slime formation factQf jjj 
circulating water qualitatively, and specifically, supplying a slime prevention agent in advance etc. 

[0030] Such a method can expect preventing a slime obstacle still more efficiently by carrying out the fixed quantity of the slttflg 
formation factor, and computing the input of a slime prevention agent from the amount of the formation factor concerned. 1^ 
addition, as a slime prevention agent, a chlorine system, a quartemary-ammonium-salt system, the 4th class phosphonium sqK 
system, an organic-sulfiir system, an organic bromine system, an organic-nitrogen sulfiir system, etc. can use the thing of oth^y 
kinds for the thing of a chlorine system suitably in the point that corrosive is low, in points, like quick action and processing gQS| 
are low, although various things exist. 
[0031] 

[Example] Hereafter, it explains still in detail about the slune obstacle prediction method of this invention. In addition, in tl^^ 
example, the qualitative test and fixed quantity examination which are shown below performed detection of a slime formatiQjj 
factor. As an indicator, 0.005-N MGch solution was used as a positive colloid standard solution, and 0.0025-N PVSK solution 
was used for TB solution of 0. 1 (wA^) % as a negative colloid standard solution. 

[0032] (QuaUtative test) One drop of TB indicator was added to sample liquid, and the coloring was observed, and when tli^ jpjijg 
of TB ****(ed) and the blue of a positivity and TB was held, it considered as negative. When it was a positivity, negative co^lf^ 
(namely, slime formation factor) existed, and when it was negative, it existed qualitatively and it was judged that there was 
nothing (very minute amount [ Even if it exists ]). In addition, as for the addition of TB, lessening is desirable as long as 
coloration can be distinguished. It is because it may be hard coming to check a positive reaction by superfluous TB. 
[0033] (Fixed quantity examination) When the aforementioned quahtative test is a positivity, measuring sample liquid to 2Qj}jJ 
Erlenmeyer flask etc., and stirring by the stirring child, one drop and 1ml of MGch standard solutions are added for TB indicatoi, 
and coloring of sample liquid is observed. 

[0034] When sample liquid colors blue, the positive colloid of MGch is in a superfluous state to the negative colloid in san^Jg 
hquid. Therefore, the drip (ml) at the time of the PVSK standard solution of negative colloid being dropped, carrying out th© to^^ 
titration of the positive colloid for the excess concerned, and ****(ing) it is recorded, and negative colloid concentration is 
computed from the drip concerned. A fixed quantity is possible if negative colloid exists by the concentration more than at 
5micromol/l according to this method. 

[0035] Negative colloid concentration (micromol/1) is computable with the following formula (1). 
Amount xof {(finxCmxVm )-(^xCpxpinch off* voltage)} xlOOO/samples 1000 - (1) 

(However, it considers as the factor of a finiMGch standard solution, the concentration (mol/1) of a Cm:MGch standard soIi^Joq, 

the volume (ml) of the MGch standard solution added to Vm:sample hquid, the factor of a fp:PVSK standard solution, the 
co^;^centration (mol/1) of a Cp:PVSK standard solution, and the volume (ml) of the PVSK standard solution added to 
pinch-off-voltage:sample liquid.) 

[0036] In addition, negative colloid concentration is low, and when there is extremely little drip of a PVSK standard solution, 
there is a possibility of producing a titration error. In such a case, it is possible by making drip increase using a thinner P VSIJJ 
standard solution to perform exact titration. 

[0037] On the other hand, when TB indicator is added and sample hquid has ahready colored it the purplish red color, the 
negative colloid in sample liquid is in a superfluous state to the positive colloid of added MGch. Therefore, after recording tbe 
drip (ml) at the time of a MGch standard solution being dropped fiirther and carrying out a blue stain, like the case where tlj© 
above-mentioned sample liquid colors blue, 1ml of MGch standard solutions is added, and the back titration by the PVSK 
standard solution is performed. 

[0038] If titration is performed by the above-mentioned method after performing centrifugal concenU*ation processing sho^vft 
below although detection is difficult since the amount of negative colloid is the minimum when a qualitative test is negative 
depending on an above-mentioned method, the fixed quantity of negative colloid can be performed like the case where a 
quahtative test is a positivity. 
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[0039] 1 5ml of sample liquid is measured to the membrane filter for centrifugal type filtration (the object for 1 5ml and the Ibiag 
1 5 (Millipore Corp. make) of a cut off molecular weight 1 0000, for example, a tradenameiultra fi-ee-lancer), and at-long-intgfval^ 
heart separation is performed by 2000G for 1 5 minutes. 

[0040] The scalpel rise of the precipitate produced by the aforementioned centrifugal separation is carried out with distille4 WSt^F 
so that the whole may be set to 0.5ml, and concentration liquid is prepared (it means that the concentration liquid concerned 
condensed 30 times to sample liquid at the beginning). One drop of TB indicator is dropped at the whole quantity of conceirtf^ioji 
liquid, and when it is colored a purplish red color, the same operation as a fixed quantity examination as stated above perforijja ^ 
fixed quantity examination. On the other hand, even if TB indicator was dropped at concentration liquid, when blue was heli Jt 
was judged that there was no negative colloid (namely, when it is negative). 

[004 1 ] Before applying the method of this invention to the actual circulating water system, the slime formation factor was 
extracted fi-om the existing slime, and it evaluated whether above-mentioned TB color reaction could apply to detection of 4 s|Jmg 
formation factor. 

[0042] First, the slime formation factor was extracted fi-om the existing slime by the method shown below. After extracting (be 
slime adhering to the water pipe of certain works and suspending in a sterilized water, it applied to the fi-ont face of the nutrwaj 
agar medium (1/10 concentration) of the composition which shows the suspension concerned in Table 1 completely. Under 
30-degree C temperature conditions, it cultivated for 24 to 48 hours, and the colony which appeared was separated and save4 


[0043] 
[Table 11 


iggr (w/v) 


0. 0596 


0. 1% 


0. 0 596 


1. 5% 


pH7. 0±0. 2 

[0044] After inoculating the aforementioned separation bacillus and carrying out shaking culture at 37 degrees C for 24 houfs jj^ft 
200ml of hquid media which contain a yeast extract for a neutrient broth 0. 1% 0.8%, at-long-intervals heart separation wa^ 
performed by 5000rpm under the 4-degree C condition for 1 5 minutes. 

[0045] It is thought that they precipitate by isopropyl alcohol with the strong dehydration force since slime formation factors 
presumed to be macromolecules, such as acid polysaccharide which bacteria produce. Therefore, isopropyl alcohol (hence^^t^ 
"IP A") was shaken the strength during 2 volume **** and 10 minutes after centrifugal processing to supematant-hquid 1 v(4u]n@ 
which removed the precipitation portion (biomass). 

[0046] At-long-intervals heart separation was carried out by lOOOOrpm under the 4-degree C condition after shake for 30 
minutes, the supernatant liquid was thrown away, and settlings were collected (henceforth "IPA precipitate"). Moreover, the 
precipitate (henceforth "culture-medium precipitate") which performed operation same [ without inoculating a separation bftgJU^^ 
] was also prepared for the aforementioned liquid medium as contrast. 

[0047] Subsequently, the adhesive property of the bacteria to the metal plate under existence of the aforementioned IPA 
precipitate was observed, and correlation with slime formation was checked. After being under the suspension or distilled Wfltef 
which suspended lOOmg (or culture-medium precipitate) of IPA precipitate in 100ml of distilled water and taking out the piegg^tf 
a metal made fi*om stainless steel, it was further immersed in the suspension suspended in the physiological saline, and the 
periphytic bacteria which washed the biomass fi-ont face for the piece of a metal concerned by the physiological saline wero tijfg^ 
out. 

[0048] The aforementioned piece fi*ont face of a metal was lightly put on the petri dish after washing by the physiological SQjjijg, 
multistory [ of the agar medium which contains a neutrient broth 0.8% ] was cairied out, and the adhesion state of the biom^ jft 
the piece fi"ont face of a metal was observed after 24-hour cultivation at 36 degrees C. Consequently, as shown in Table 2, 
adhesion of bacteria was accepted only in the piece of a metal immersed in IPA precipitate suspension, and it was checked tb^ 
IPA precipitate is a slime formation factor. 
[0049] 
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[Table 2] 








I PA2tiS« 


+ 








»^ r+j<±»isfe. r-j i4ifti4T*«::i*^'ro 

[0050] Moreover, when the qualitative test of TB coloration was performed about IP A precipitate suspension, culture-mediujjj 
precipitate suspension, and distilled water, as shown in Table 2, only IPA precipitate suspension showed the positivity. Thereftj^ft 
it was checked that TB color reaction can apply to detection of a slime formation factor. 

[005 1 ] (Example 1 ) Various circulating water from which the situation of a slime differs in the cooling water system which 
actually working was extracted, and it checked whether correlation would be between the situation of a slime, and the amoijiit &S 
negative colloid of a fixed quantity examination. 

[0052] Consequently, as shown in Table 3, correlation was accepted between the drip of PVSK and the amounts of slimes ift ^ 
fixed quantity examination. Moreover, about slimes other than bacterial (molding thing of an algae subject), as shown in Tqbte h 
since TB color reaction was negative, it was checked that the method of diis invention is a method that only a bacterial slini^ ^qq 
be detected specifically. 

[0053] hi addition, evaluation of the amount of slimes was qualitatively performed from the adhesion situation of the slime to tbp 

corrugated plate made of a resin for cooling (henceforth a "filler") arranged at intervals of 5- 10mm in a system cooling tow^j, 

That is, when it touched although "nothing" viewing top slime adhesion was not accepted in what does not feel slime even if 

adhesion of a viewing top slime was not accepted in a filler but it touched it, what adhesion of a slime is clearly accepted in *^it 

is few" and viewing in what senses slime was evaluated as "many." 

[0054] 

[Tables] 
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[0055] (Example 2) The model circulating-cooling-water system 1 as shown in drawing 1 was run continuously for 24 houfs, aj;i4 
it investigated about the relation between the amount of negative colloid in cooling water, and a piping adhesion slime. The nao4^l 
circulating-cooling- water system 1 comes to connect a cooling tower 2, the unfree-water tank 3, the pump 4 for circulation, ft 
heat exchanger 5 for piping 6, and the cooling tower 2 is equipped with fan 2for cooling a, and filler 2b, and it constituted it ^ 
that water could always be supplied with the pump 7 for supply. 

[0056] Moreover, outlet piping 6a of a heat exchanger constituted the part from piping made from a transparent vinyl chloride, 
and was taken as RUKKINGU6b for observing the slime adhesion situation into piping. In addition, the service condition of t)gyp 
model circulating-cooling-water system 1 set refrigerating capacity as 3 refrigeration tons, and set [ holding water quantity J apart 
for /and the amount of make up water of 301. as a part for 0.31./for 1001. and the amount of circulating water. 
[0057] Evaluation of the amount of slimes in an example 2 was performed by carrying out visual observation of the RUKKJ^Gy 
6b of heat exchanger outlet piping 6a, and although the slime had adhered that by which a slime is not observed by RUKKINQU 
6b to "nothing" and RUKKINGU 6b, what "it being few" and RUKKINGU 6b are covered by the slime in what can see thruu^^ 
an opposite side, and cannot see through an opposite side was evaluated as "many." 

[0058] Consequently, as shown in Table 4, in visual judgment of RUKKINGU 6b, also in the day [ of operation / 8th ] stag© 
where a slime cannot be checked, the color reaction of TB shows the positivily and can be detecting generating of a slime. Xbat Is, 
according to the method of this invention, it was checked that a slime obstacle can be predicted in the generating initial stag§ 
which is the grade which cannot view slime generating. Moreover, when the glutaraldehyde was added by the concentration 
200mg/I. as a slime prevention agent, the negative colloid which is a slime formation factor disappeared, and signs that sliiqg 
coating weight also decreased and was carried out were checked. 
[0059] 
[Table 4] 
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[0060] 

[Effect of the Invention] As explained above, since the prediction method of this invention detects the formation factor of a 
bacterial slime by die chemical method, it can predict a slime obstacle in advance. Moreover, if the color reaction of an indiQajpf 
etc. detects a slime formation factor, it is not necessary to install electric and mechanical equipment etc., and it will become 
possible to predict a slime obstacle easily. Furthermore, since the slime formation factor in circulating water can be detected 
quahtatively and a slime prevention agent can be supplied in advance by using the prediction method of this invention, it be^QQ^^^ 
possible to prevent a slime obstacle beforehand. 


[Translation done.] 
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